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Sincethediscoveryofrapideye-movement
(REM)sleep,analyzingthisstateofsleephasin-
terestedmanyresearchers.Thereis,however,a
paucityofstudiesonpolysomnographyinpeo-
plewithmentalretardation.Sleepstudieson
infantswithdevelopmentaldisabilitiesarelack-
ing.Moststudieshaveincludedadultswith
mentalretardation (Espie& Tweedie,1991;
Espie,Paul,McFie,Amos,Hamilton,McCol,
Tarassenko,&Pardey,1998;Gunning&Espie,
2003).From thesestudies,itmaybeconcluded
thatperson with mentalretardation show
several distinct polysomnographic features.
Disorderedsleepmayhaveseveraladversecon-
sequencesfortheindividualinvolved(e.g.,prob-
lem behavior,fatigue,depressedlearning)as
welasforhisorhercaretaker.However,stillit-
tleisknownabouttherelationshipbetween
mentalretardationandsleepparameters(includ-
ingREMactivity).
Someauthorsreportedresultsfrom studies
thatshow thereisaassociationbetweenper-
formanceonvarioussleepparametersandde-
velopmentallevel.Espieandhiscoleague(1991,
1998)havepublishedanumberofsubjectson
polysomnographyinpeoplewithmentalretar-
dation.Otherstudieshavebeenpublishedthis
areaduringthelast5years(Diomedi,Curatolo,
Scalise,Placidi,Caretto,&Gigli,1999;Elia,Ferri,
Musumeci,Gracco,Bottitta,Scuderi,Miano,
Panerai,Bertrand,&Grubar,2000).
Ithasbeenreportedthatmentalyretarded
Down・ssyndromesubjectpresentedareduction
ofREM sleeppercentageandRindex(number
ofhighfrequencyREMsagainstnumberoflow
frequencyREMs)andthiswaspositivelycorre-
latedtoalowIQ(Diomedi,etal.,1999).Inindi-
vidualswhoaredevelopingtypicaly,REMsleep
occurscyclicalythroughoutthenightandis
thoughttobeassociatedwithcognitiveprocess-
ing(Espie,etal.,1998).
Inthepresentreportwestudiedtherelation-
shipbetweentheamountofREM duringREM
sleepandestimateddevelopmentallevelina
groupofinfantswithdevelopmentaldisabilities.
Wehypothesizedthatapositiverelationshipex-
istsbetweentheamountofREM duringREM
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sleepandtheestimateddevelopmentallevelof
aninfant.Theaimofthepresentstudywasthe
studiesofsleep-cognitivehypothesisandthefre-
quencyofREMdirectlyreflectingbrainmatura-
tion.
2.METHOD
Twenty-seveninfantswithdevelopmentaldis-
abilities(11girlsand16boys)ranginginage
from 4monthsto1yearwerethesubjectsof
thisstudy.Alsubjectswereselectedforthe
studyaccordingtothefolowings.Theywere
inpatients of the Central Hospital, Aichi
PrefecturalColony.Table1showssubjectdata
includingsex,andDevelopmentalQuotient(DQ)
[obtainedbytheTsumoriInagequestionnaire
forinfantsandchildren(1979)].InJapan,this
questionnaireisoneofthemostwidelyusedas-
sessmentsofDQs.Itisbasedprincipalyona
questionnaire ofKnobloch and Pasamanick
(1955).Thisquestionnairehasknownvalidity
andreliability.Thenumbersofprofoundly(DQ
lessthan25),moderately(DQ =25-49),and
mildly(DQgreaterthan50)retardedsubjects
were2,10,and15,respectively.Alofthesub-
jectsweretheproductsofuncomplicatedpreg-
nancieswithuneventfullaborsanddeliveries.
Theyhadnoseizurehistoryandnobehavioral
disabilitieswiththeexceptionofpsychomotor
disabilities.Theyhadbeenfreeofmedication,
whichwouldaffectasleepEEG,foratleast1
monthbeforetherecording.Nosedativeswere
used.Theyexperiencedclinicalelectroencepha-
logram (EEG)recordingsoftwoorthreetimes
duringthedaytimebeforethenocturnalsleep
EEGrecordingsofthisstudy.So,measureswere
apparentlytakentopreventnoveltyeffectsof
apparatus.
Polygraphrecordings(EEG,electrooculogram,
electrocardiogram,respiration,andelectromy-
ogram)werecarriedoutinthesubject・sroom
(temperature,25-27℃;relativehumidity,50-70%)
afteraconventionalmealuntilspontaneous
awakeningthenextmorning.Theexperimenter
andpolygraph machinewerelocatedin the
roomnexttothesubject・sbed.Thepaperspeed
was15 mm/sec.Verticalocularmovements
wererecordedbythedifferenceinpotentialbe-
tweentheupperandlowerorbitalelectrodes.
Horizontalocularmovementswererecordedby
thedifferenceinpotentialbetweentheelec-
trodessituatedonthetwoexternalepicanthi.
Thosewhoscoredthesleeptracingshadno
knowledgeofasubject・sdevelopmentalpsycho-
motorstatus.TheTsumoriInages・questionnaire
wasadministeredtotheparentsofthesubjects
byconsultantpsychologistswhowereunaware
oftherecordstakenduringsleep.
Sleepstages(each20sec.)wereclassifiedac-
cordingtoinstructionsinRechtschaffenandK
ales・manual(1968).Thefolowingparameters
were measured as suggested by Wiliams,
Karacan,andHursch(1974):sleepperiodtime
(thetimefrom theonsetofsleeptothefinal
morningawakening);totalsleeptime(thetime
from sleeponsettomorningawakening,after
thetimeawakeduringthenightissubtracted);
numberofREM periods;averageREM period
length(thetimebetweenREM period);average
REM periodcyclelength(thetimebetweenthe
beginningofoneREMperiodandthebeginning
ofthenext);andpercentageoftimeinstagesof
wakefulness(W),1,2,3,4,andREM calculated
againstthesleepperiodtime.
AlhorizontalandverticalREMswithanam-
plitude>100μV,inthesleeprecordings,werede-
tectedvisualyforeachREMperiod.Briefdefini-
tionsoftheREM measuresusedinthisreport
areasfolows:(1)REM activity(REM20)isde-
finedasthenumberof20sec.epochsshowing
evidenceofREMsduringREM period.(2)REM
densityisdefinedasthepercentageof20sec.ep-
ochsshowingevidenceofREMsduringREMpe-
riodcalculatedagainstthewholeREM period.
(3)PercentREM20isdefinedasthepercentage
of20sec.epochsshowingevidenceofREMsdur-
ingREM periodcalculatedagainstthewhole
sleep(totalsleeptime).
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3.RESULTS
Table1showssubjectdataincludingalREM
activity
Inter-correlationofsleepvariables,age,andde-
velopmentalpsychomotorscores
1.Relationofsleepvariablestoage
Asmaybeobservedinthecorrelationmatrix
ofTable2,correlationcoefficientsfortheaver-
ageREM periodlength,percentstageofwake-
fulness,1,2,3,and4,stages3and4,REM,
percentREM20,REM density,andDQwerenot
statisticalysignificantlycorrelatedwithage.
Sleepperiodtime,totalsleeptime,numberof
REM period,averageREM periodcyclelength
andREM20were,however,significantlycorre-
latedwithage.
2.RelationofsleepvariablestoDQscores
Developmentalpsychomotorscoresshowed
statisticalysignificantassociationwithanum-
berofsleepvariables.Developmentalquotient
scoreswerecorrelatedatthe5%levelwithper-
centREM20(r=0.39).Thecorrelationcoeffi-
cientbetweenDQscoresandagewas
Statisticaly non-significant(r=-0.21).Devel-
opmentalquotientscoreswerecorrelatedwith
percentstageofwakefulness(r=-0.53)[p<.01],
and with averageREM period length (0.46)
[p<.05].
4.DISCUSSION
Itwassurprisingtousthatnoneofsleepvari-
ablesmeasuredinthisreportcorrelatedwith
age,whichrangedfourmonthstooneyearin
ninemonthsintheinvestigatedcohortofin-
fants with developmentaldisabilities.It is
known-atleastforhealthyinfants-thatsleep
changes considerably during first year
(Iglowstein,Jenni,Molinari,& Largo,2003).It
maybeprematuretosaythatthedegreeofeye
movementdensityduringREM sleepisagood
indicatorforDQ.However,ithasbeenreported
thatinmentalyretardedDown・ssyndromesub-
jects,areductionofRindex(numberofhighfre-
quencyREMsagainstnumberoflowfrequency
REMs)waspositivelycorrelatedtoalow IQ
(Diomedi,etal.,1999).Inthepresentstudy,the
correlation between DQ scoresand percent
REM20 activity fitted a previous report
(Diomedi,etal.,1999)suggestingarelationship
betweeninteligenceandREMmeasurements.
Inthepresentdata,DQisunrelatedtoagein
months.Association between sleep variables
andDQmaybeexplainedbymaturation.There
isaproblemwithinterpretingthedata.Forex-
ample,inthecaseofREM20,associationbe-
tweenthisvariablesandDQ maybepartly
explainedbyassociationbetweenREM20and
age,sinceREM20isrelatedtobothageandDQ.
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TABLE1AGES,DEVELOPMENTALQUOTIENT,ALLREMACTVITYMEASURESBYSUBJECT
Sub. Sex Age DQ REM20 %REM20 REMdenity
H.K. M 4mo. 36 174 12.46 56.49
R.S. M 6mo. 74 617 27.97 73.28
H.M. M 6mo. 88 253 19.04 72.91
T.K. M 6mo. 75 428 24.83 64.65
K.H. M 6mo. 48 318 19.97 83.25
Y.T. M 7mo. 48 278 15.10 39.83
K.S. F 8mo. 79 279 16.79 58.86
R.T. F 8mo. 42 363 21.76 61.53
Y.Y. M 9mo. 42 400 24.48 76.34
Y.S. F 10mo. 46 310 19.34 77.69
K.K. M 10mo. 68 179 11.00 51.29
Ke.K. F 11mo. 86 303 18.48 73.01
K.I. M 11mo. 56 190 12.23 54.13
Y.I. F 11mo. 16 119 8.57 69.19
K.Y. M 11mo. 57 377 19.50 67.68
Y.H. M 11mo. 60 309 17.50 68.36
S.E. F 1yr. 62 228 15.00 64.96
S.U. F 1yr. 36 375 25.17 76.06
Y.T. M 1yr.1mo. 35 231 17.00 62.60
K.T. M 1yr.2mo. 42 137 9.24 58.30
K.Y. F 1yr.3mo. 60 104 12.52 63.41
M.K. F 1yr.4mo. 67 170 17.97 34.98
T.A. M 1yr.4mo. 67 264 18.97 70.78
Y.Y. F 1yr.6mo. 57 245 17.14 72.70
M.T. M 1yr.6mo. 79 220 26.10 80.30
T.I. M 1yr.7mo. 30 260 19.82 62.50
M.H. F 1yr.9mo. 23 65 6.62 28.26
Note.－ThedevelopmentalquotientwasobtainedbytheTsumoriInagequesionnairefor
infantsandchildren(1979).ThemeanandSDwere54.8and19.1,respectively.
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Forthisproblem,wecouldhavestrengthened
thedesignofourstudybyincludingacontrol
grouppopulatedwithinfantswithoutdevelop-
mentaldisability.
Inthepresentstudy,althoughcorrelations
werestatisticalysignificant,thenumberofthe
subjectsweremightnotenoughtobemeaning-
fulinanytheoreticalorpracticalsense.Howdo
weaddressthefactthatweonlyaccountfor
(0.39)2orabout16%oftotalvarianceindevelop-
mentalquotient?Thisisnoteworthy,asitleaves
thevastmajorityofthevariabilityinthisvari-
ablesunaccountedfor.
Inthepresentstudy,DQwassignificantlycor-
relatedwith%stageW (r=-0.53)andwiththeav-
erageREM periodlength(r=0.46).Theshort
sleeptimeinoursubjectswererelatedtothe
longawakingperiodsduringthenight.Thesub-
jectswithlongawakingduringthenightwere
unabletosustainsleepforprotractedperiods.
Thisrelativeinsomniadoesnotseemtobedue
toanxietybecauseoftheirages(0-1year).Asig-
nificantlylow DQwasfoundinthesesubjects
withshortsleepandlongwakingtimeascom-
paredwiththosewithlongsleepandshort
wakingtime.Itcanbeexpectedthatthedevel-
opmentaldisabilitiesweregreaterintheformer
thaninthelatter.Moreover,itissuggestedthat
inthefindingbetweenDQandtheaverageREM
periodlength,thislengthshowedthedegreeof
anapproximatelydevelopmentofasleeppat-
ternininfantswithdevelopmentaldisabilities.
Inthepresentstudy,therewereseveralsig-
nificantcorrelationsbetweenageandothervari-
ablesaffectingeyemovementsandREM sleep.
Asignificantcorrelationbetweenageandtotal
sleeptimemightbetheby-productofshorten-
ingsleeplengthasafunctionofage.Thesignifi-
cantcorrelationsbetweenageandREM sleep
variablesare caused by the developmental
changeofsleeplength.
Theseresultsfurthersupporttheview that
thebraincarriesoutcertainactiveprocessesof
adequate function during sleep [the sleep-
cognitionhypothesis,advancedbyEspie,etal.
(1998)].Moreover,theseresultssupporttheview
thatmeasurementsofelectrophysiologicalcon-
comitantsoftheseprocessesprovideanindexof
thedevelopmentalpsychomotorlevel,atleast
forindividualswithvaryingdegreeofdevelop-
mentalpsychomotorimpairment.Thepolyso-
mnographicfeaturesasREM frequencyinthis
studywereusedasatoolinthediagnosticof
developmentaldisability.Theyexplaineddevel-
opmentalcharacteristicsininfantswithdevel-
opmentaldisability.Theoutcomesofthisstudy
maybeusedasanadditionalassessmentfordi-
agnosisofearlyinfancywithdevelopmentaldis-
abilities.
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